This paper attempts to characterize regional drought using 0.5 degree reanalyzed GPCC (Global Precipitation Climatology Center) gauge-based gridded monthly precipitation data sets in Korea.
INTRODUCTION
In recent years, drought sequence measurement is a global concern over increasing scarcity of freshwater supplies to meet growing demands (Barlow ) . Generally, droughts take place when a region receives consistently below average precipitation. Although droughts can persist for several years, even a short and extreme drought can cause significant damage in a landscape. The events of drought are dependent on its duration, severity, time of occurrence and spatial extent, which are the key aspects of drought characterization (Wilhite et al. ; Smakhtin & Schipper ) . It produces a large number of impacts that affect the environmental, economic and social standard of living.
Environmental impacts of drought include damage to animal species, plant communities and hydrological effects, i.e. lower water levels in reservoirs, lakes and ponds (UNDP ; IPCC ). Water scarcity is a prominent example of the risks posed by various types of environmental stress (Fraser ; Rolfe ) . Economic impacts of drought are related to the costs and losses to agriculture and livestock producers, timber and fishery production, recreation and tourism industry, general economic and energy-related effects, and the water supply industry (Simelton et al. ) . Social impacts of drought are interrelated with the other climate change-related events as well as natural contexts, which cause concern for people's vulnerability and adaptive capacity (Adger  In Korea annual precipitation ranges from 1,100 to 1,400 mm in the mid-eastern to central part and from 1,000 to 1,800 mm in the southern coastal region. The annual precipitation has tended to increase slightly over the past 100 years. Since the 1960s, the fluctuation of annual precipitation has increased with the increasing magnitude of droughts and floods. The amount of precipitation is very low in winter and spring. Unlike the seasonal distributions of other countries that of Korea is peculiar. Korea experiences a significant summer wet season, as nearly two-thirds of the annual precipitation falls in the months of June through September.
On the other hand, in the winter season, one-fifth of the annual precipitation falls in the months from November to April, thus floods and droughts frequently occur. Multipurpose dams serve important roles in providing a stable water supply, generating power in drought and preventing the damage through flood control in the rainy season.
Transient droughts cause natural disasters due to precipitation deficit which often creates significant financial losses. In recent years, meteorological droughts are important for evaluating their adverse impacts, monitoring trends and prediction. The effective drought index (EDI) detects the beginning, the end, the spatial extent and the severity of a drought. Scientific interpretation for droughts is needed for specific regions which follows the analysis of hydro-meteorological information. Drought indices are usually continual functions of precipitation as well as measureable hydro-meteorological variables. Previous studies by Keyantash & Dracup () and Narasimhan () described the complexity to compute a precise droughts index using PDSI (Palmer Drought Severity Index; Palmer ) and SPI (Standardized Precipitation Index; McKee et al. ). In view of such inadequacy the EDI has been computed from the long-term monthly accumulated precipitation. Initially, the EDI (Byun & Wilhite ) was designed and this method was found to be easier to obtain droughts from a single time series of precipitation. Previous studies (Kim et al. ; Su-Bin et al. ) suggested that the EDI is more efficient than the SPI for both short-and longterm drought-severity calculations for Korea and East Asia.
However, the available water resources index (AWRI), which is a hydrological index (Byun & Lee ) was estimated along with EDI from the monthly precipitation and is emphasized in this paper.
The Global Precipitation Climatology Center (GPCC) provides different time series, i.e. daily, monthly gridded precipitation data with a global spatial extent. The new GPCC global gridded monthly precipitation datasets (Fuchs et al. ) are accessible in recent times at various spatial resolutions with a long-term temporal scale. However, the quality and strength of GPCC data have been reviewed by a few authors (Dinku et al. ) . This study aimed to investigate the characteristics of regional hydrological drought in north-eastern Korea. The specific objectives are (i) carrying out drought analysis using EDI, SPI and AWRI method, However, the quality and strength of GPCC data have been reviewed by other authors (Dinku et al. ) .
Cross-correlation
Cross-correlation is a measure of the extent of the linear relationship between two time series. The cross-correlation between X and Y is called the k th order cross-correlation of X and Y. The time index, k, is allowed to be either positive or negative. The large sample standard error of the sample cross-correlations is simply 1= ffiffiffi n p so that large sample confi-
This cross-correlation is called r k an estimation which can be expressed by the following formula:
where,
The statistics of a stationary stochastic process is by definition time invariant, thereby allowing time-averages to be 
where SSE is the sum of square residuals and SST is the total sum of squares after correcting for the mean. Mean, pseudo-R squared and standard error values were observed as 111. 1, 0.63, 76.2, respectively, in KMA at Taebaek and 114.5, 0.64, 73.9 , respectively, at GPCC grid. Downscaled results were No significant difference was observed between the coarse (0.5 W ) and fine (1 km) gridded precipitations and are presented in Figure 4 .
THE MONTHLY EDI AND AWRI
The EDI explains about the identical deficit or surplus of stored water amount. Unlike many other drought indices, EDI is an automated estimation and analyses meteorological droughts which were performed using daily time steps in earlier studies (Byun & Wilhite ) . However, EDI principles used similarly with monthly precipitation data was demonstrated through this study. The equation of EDI is specified below:
In Equation (3), effective precipitation (EP), indicates the monthly cumulative precipitation, P m indicates the precipitation prior to m months before a specific month, and i indicates the duration in which the precipitation amount is summed, beginning with at least 12 months. Consequently, the authentic drought index is computed one year after the start date of precipitation observations. In Equation (4), the 
deviation of effective precipitation (DEP) is measured from the climatological mean of effective precipitation (MEP).
If the DEP is repeatedly negative, then in Equation (3) i increases in so far as to be repeated months.
For instance, if 6 months are repeated, i is 18 and the EP is computed again from Equation (3). In Equation (5) 
Here, the calculation of EP is the same as Equation (3) illustrated above, where i denotes the number of accumu- to assess the water resource indices. However, the cross-correlations were found suitable among the 10 KMA observation with their corresponding grids. Moreover, the goodness of fit is shown in Figure 6 for the EDI and AWRI time series which explain that Yeosu (observed) and G8
(gridded) observation ratios (for EDI 1:0.971 and for AWRI 1:0.985) are convenient at significance level (0.05).
Thus, the application of GPCC data is valid in these circumstances.
Taebaek mountainous region located at 129.25 E and 37.25 N GPCC grids was detected as moderate to extreme drought region for most of the months. Taebaek inhabitants are struggling with water deficiencies. For this region, monthly precipitation, EDI and AWRI, values were classified from the linear trends and presented in GEV distributions were plotted with 5% significance level GPCC monthly gridded precipitation data were available for a long-term period and these data comply with the regional raingauge stations' observed data, consequently, gridded data are suitable for evaluating drought indices.
